Wick-type generalized stochastic Fractional coupled KdV equations are investigated. Some white noise functional solutions for Wick-type generalized stochastic Fractional coupled KdV equations are obtained by using white noise analysis, Hermite transform and modified tanh-coth method. Moreover, some examples are given for the investigated model.
Introduction
This paper is devoted to investigate white noise functional solutions for Wick-type generalized stochastic fractional coupled KdV equations:
where (x, t) ∈ R × R + and " " is the Wick product on the Kondratiev distribution space S −1 which was defined in [1] , A(t), B(t) and C(t) are S −1 -valued functions. Eq.(1) can be considered as a stochastic version of the following fractional coupled KdV equations:
where a(t), b(t) and c(t) are bounded measurable or integrable functions on R + and D t α , D x β and D x 3β , (0 α, β 1) are the modified Riemann-Liouville derivatives . The analytical and approximate solutions of deterministic fractional partial differential equations attracted great attention and become a considerably interesting subject in mathematical physics. There are many methods for calculating the approximate solutions for nonlinear fractional partial differential equations such as the variational iterations method [2] , Adomian decomposition method [3, 4] , the homotopy perturbation method [5, 6] and the expansion-function method [7] [8] [9] [10] [11] . The exact solutions for nonlinear fractional partial differential equations are still under study until now. Li and He [12] introduced complex transform for reducing fractional differential equations into ordinary differential equations, so that all analytical methods for advanced calculus can be easily applied to fractional calculus. Since Wadati first introduced and studied stochastic KdV equation [13] , many authors, e.g., Xie [14] [15] [16] [17] , Chen and Xie [18] [19] [20] , Ghany [21] , Ghany and Saad [22] and many other authors [23, 24] , have investigated more intensively the stochastic partial differential equations (SPDE). As pointed in [25, 26] the anomalous motion of two weakly nonlinear water waves modes with nearly coincident linear long-wave speeds can be described by Eq.(1.1). Moreover, if the problem is considered in random environment, we can get fractional random coupled KdV equations. In order to give the exact solutions of random coupled KdV equations, we only consider this problem in white noise environment, that is, we will study the variable coefficients Wick-type stochastic fractional coupled KdV equations (1.2). Our first interest in this work is implementing new strategies that give white noise functional solutions of the variable coefficients Wick-type stochastic fractional coupled KdV equations. The strategies that will be pursued in this work rest mainly on Hermite transform, white noise theory and modified fractional sub-equation method, all of which are employed to find white noise functional solutions of Eq.(1.2). The proposed schemes, as we believe, are entirely new and introduce new solutions in addition to the well-known traditional solutions. The ease of using these methods, to determine shock or solitary type of solutions, shows its power.
Initial Computations
Taking the Hermite transform of Eq.(1.1), we get:
where z = (z 1 , z 2 , ...) ∈ C AE is a parameter. To look for the travelling wave solution of Eq.(2.1),we make the transformations u(t, x, z) :
where λ, μ are arbitrary constants which satisfy λ.μ = 0,χ(z) is a non zero functions of indicated variables to be determined. So, Eq.(2.1) can be changing into the form
Balancing the highest-order linear terms and nonlinear terms in Eq.(2.2), gives the following ansatze:
where Y (ξ) satisfies the Riccati equation
and e 0 , e 1 , e 2 are constant to be prescribed later. By virtue of (2.3) and (2.4) with observation of the linear independence of Y n (n = −5, −4, ..., 7) and using Mathematica Eq. (2.2) implies the following algebraic system of equations In the remaining part of this section we will discuss and solve our problem for some particular cases for the Riccati equation as follows:
A. e 0 = e 1 = 1, e 2 = 0 . This choice for the constants implies that, the Riccati equation has the solution:
By the aid of Mathematica, the above system of equations (2.5) can be solved for the following case:
λ . According to (2.2),(2.5) and (2.6), Eq.(2.1) has the solution
B. 4e 0 = e 2 = 4, e 1 = 0 .
This choice for the constants implies that
Solving the above system of equations (2.5)with the aid of Mathematica, we will get the following case:
Case 2:
According to (2.2),(2.5) and (2.8), Eq.(2.1) has the solutions
At the end of this section we should remark that, there exists infinitely number of solutions for Eqn.(1.1) these solution coming from solving the system (2.5) with regarding the Riccati equation (2.4). The above mentioned cases are just to clarify how far my technique is applicable.
White noise functional solutions of (2.1)
In this section, we will use Theorem 2.1 of Xie [16] for d = 1 to obtain white noise functional solutions of Eqs.(2.1). The properties of hyperbolic functions yield that there exists a bounded open set S ⊂ R + × R, m > 0 and n > 0 such that u(x, t, z), u xt (x, t, z) are uniformally bounded for all (t, x, z) ∈ S × K m (n), continuous with respect to (t, x) ∈ S for all z ∈ K m (n) and analytic with respect to z ∈ K m (n) for all (t, x) ∈ S. Using Theorem 2.1 of Xie [16] , there exists a stochastic process U (t, x) such that the Hermite transformation of U (t, x) is u(t, x, z) for all S × K m (n), and U (t, x) is the solution of (2.1). This implies that U (t, x) is the inverse Hermite transformation of u(t, x, z). Hence, for A(t)B(t)C(t) = 0 the white noise functional solutions of Eqs.(2.1) as follows: We observe that for different forms of A(t), B(t) and C(t), we can get different solutions of (2.1) from (3.1)-(3.3).
Discussions and Applications
Our first interest in present work being in implementing the extended tanh-coth method, Hermite transform and white noise analysis to stress its power in handling nonlinear equations so that one can apply it to models of various types of nonlinearity. The next interest is in the determination of exact travelling wave solutions for modified Hirota-Satsuma coupled KdV equations. Also, we have presented Riccati equation expansion method and applied it to the modified HirotaSatsuma coupled KdV equations. As a result, some new exact travelling wave solutions of the modified Hirota-Satsuma coupled KdV equation are obtained because of more special solutions of Eq.(2.1). The planner which we have proposed in this paper can be used for solving several nonlinear fractional evolution equations both deterministic and Wick-type stochastic. Note that,
